The effect of carotid sinus pressure on the duration and character of attacks of angina pectoris induced by exercise under controlled conditions has been studied in 13 patients. Observations are presented which are consistent with the hypothesis that stimulation of the carotid sinus induces relief of cardiac pain by interruption of sympathetic reflex arcs or sensory pathways. The usefulness of carotid sinus pressure as a diagnostic test and a therapeutic measure in angina pectoris is discussed.
IN PREVIOUS studies' data were presented in support of the concept that coronary artery vasomotor changes, reflex in origin, exerted a contributory influence in the precipitation of attacks of angina pectoris. The influence of reflexes mediated through the vagus nerve in precipitating attacks of angina pectoris has been the subject of few studies. It has been observed2-10 that stimulation of the carotid sinus relieves the pain of angina pectoris. We have not been able to find any studies on the mechanism of relief of cardiac pain by carotid sinus stimulation. The purpose of this communication is to report our studies on the mechanism of the relief of cardiac pain induced by carotid sinus stimulation. The effect of carotid sinus pressure on the exercise tolerance of patients with angina pectoris is also reported.
MATERIALS AND METHODS OF STUDY
In most of the published reports of the beneficial effect of carotid sinus pressure in angina pectoris, the anginal attacks were spontaneous and the usual duration of pain unknown. In the studies of Wayne and Laplace,8 although anginal attacks were induced by exertion, the amount of exercise necessary to produce pain was variable from experiment to experiment. The importance of carefully standardized conditions, especially cold, in studying the precipitation and the duration of attacks of angina pectoris in the laboratory has been previously demonstrated.", 12 Accordingly for the present study subjects were selected who had been observed at weekly intervals for many months to years in a From the Yamins Research Laboratories, Beth Israel Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass. Aided by the Sydney Green Heart Research Fund. 58 special clinic for the study of angina pectoris. Thus their clinical course was well known, the response to exercise and to various therapies was repeatedly observed and the actual duration of attacks induced by exercise had been repeatedly measured and found to be reproducible.
In our previous studies13 13a, 131) the response to nitroglycerin was used to determine the likelihood of response to other forms of treatment and served to divide patients into three groups: Group I patients (tables 1, 2, 3 and 4) are "marked reactors" to nitroglycerin. Two minutes after the sublingual administration of 0.3 mg. of nitroglycerin these patients are able to perform approximately 100 per cent or more work than had been possible without medication. This increase in exercise tolerance in group I patients is accompanied by a marked decrease in the RS-T deviations consequent to exercise. Patients in group II, termed "moderate reactors," are able to do approximately 50 per cent more work two minutes after the sublingual administration of 0.3 mg. of nitroglycerin. Patients in group III, termed "nonreactors," show no response to the administration of nitroglycerin.
All tests were carried out at least one hour after a light breakfast and after the patient had rested a minimum of one-half hour after coming to the laboratory. Only one test was carried out on any one day. The patient received no medication during the carotid sinus experiments.
After the amount of exercise necessary to induce angina and the duration and characteristics of pain had been measured on numerous occasions (10 to 50) the effect of carotid sinus pressure on the duration of pain was measured in the following fashion. Immediately after the patient stopped exercise because of pain he seated himself on the two-step staircase; one observer, who was stationed behind the patient, then located as quickly as possible the right or left carotid sinus region and stimulated it by pressure and massage. The time necessary to locate the carotid sinus, the duration of stimulation and the duration as well as the character of Circulation, Volume VII, January, 1.953 pain was measured by another observer withl the aid of at stop watch. In measuring the duration of anginal pain, all tests in which carotid sinus stimulation induced svncope were necessarily excluded. Uniform stimulation of the caroti(l sinus was attempted; involuntary stiffening of the sternocleidomastoi(l muscles (usually in later experiments) made accurate location and control of severity of pressure difficult to obtain.
As a control of the carotid sinus experiments, ill other experiments with the onset of cardiac pains the patient was seated and pressure was exerted on the right or left sternoeleidoomastoid muscle. The latter procedure was without effect on the duration or character of the anginal attack.
I. EFFECT OF THE CAROTID SINUS PRESSURE
ON THE DURATION OF THE PAIN OF ANGINA PECTORIS The effect of carotid sinus pressure on the duration and characteristics of anginal pain was studied in 13 patients (table 1). In most instances three to seven seconds elapsed before the carotid sinus could be located. The usual duration of stimulation was approximately six seconds with extremes of 3 to 40 seconds. In all 13 patients some relief of pain was observed as a consequence of carotid sinus stimulation. In 11 of the 13 patients the onset of relief of pain occurred during or within a few seconds after carotid sinus stimulation. In four of five patients (cases 7, 10, 11, 12, and 13) with attacks of one to four minutes duration, carotid sinus pressure induced temporary relief of anginal pain, persisting for 22 to 64 seconds (table 1). In each of these four patients pain of unaltered intensity, compared with precarotid sinus pressure, recurred and the total duration of the attack was not appreciably altered from that observed in control experiments. In the fifth patient (case 12) the usual duration of pain was 180 seconds; following carotid sinus stimulation intermittently for 40 seconds, pain disappeared and did not return. In one instance (case 4) anginal pain disappeared from the right side of the chest during right carotid sinus pressure while persisting on the left side, while in case 7 anginal pain disappeared from the chest during carotid sinus pressure while persisting in the shoulder. In two patients (cases 2 and 10) relief of pain was not uniformly induced by carotid sinus stimulation from experiment to experiment.
In one of these, case 2, and similarly in cases 3 and 6, carotid sinus stimulation of one side was effective while pressure on the other side had no, or less, effect on cardiac pain. In two other patients (cases 5 and 8) right or left sided stimulation was similarly effective in relieving cardiac pain. In Angina Pectoris Fifteen patients with angina pectoris of arteriosclerotic etiology and 50 patients of the same age group without angina pectoris were studied. None of the patients in either group had ever suffered a spontaneous episode of syncope oI had a history suggesting a hyperactive carotid sinus syndrome. The patients were seated and connected to an electrocardiograph machine. Using lead V41, with the camera running continuously, right carotid sinus pressure was applied for six seconds. Calculations of the cardiac rate changes were made from the electrocardiographic tracings. The degree and severity of carotid sinus pressure was felt to be the same in both groups. The blood pressure was measured by the auscultatory method.
Results. In 25 of the 50 patients in the control group, right carotid sinus pressure for six seconds induced no discernible change ill cardiac rate or blood pressure and was unattended by symptoms. A similar lack of response to carotid sinus pressure was observed in 3 of the 15 patients with angina pectoris (table 1, cases 1, 12 and 13). The incidence of asystole and auriculoventricular block was the same in both groups. The duration of the induced asystole in the patients with angina pectoris averaged six seconds as compared with three seconds in the control group. Syncope and convulsions were observed in 5 of the 15 angina pectoris patients and in 2 of the 50 control patients.
Further Evidence of the Increased Sensitivity oqf the Carotid Sinus Reflex in Angina Pectoris.
.;9 The results presented above suggested that the carotid sinus reflex was more sensitive in patients with angina pectoris than in patients of the same age group who did not have angina pectoris. The opportunity arose to make studies of carotid sinus sensitivity in a patient with angina pectoris during a period when the patient was having many attacks of angina pectoris daily as well as during a prolonged period of remission from angina pectoris lasting many weeks.
In these studies the patient was seated and connected to the electrocardiographic machine. With the camera running continuously lead V4Rwas taken and right carotid sinus stimulated. The duration of stimulation was measured from electrocardiograms by marking the onset and offset of carotid sinus pressure. In varying the duration of stimulation from 1 to 10 seconds we attempted to keep the severity of pressure uniform in all experiments. Only one experiment was carried out on each day.
The duration of the induced asystole was measured from the electrocardiographic tracings.
The effect of stimulation of the right carotid sinus was more marked when the patient was having many anginal attacks than during a remission from his angina ( fig. 1 ). During the remission from angina, up to 10 seconds, right carotid sinus pressure produced a maximum asystole of 6.5 seconds. Faintness, syncope or convulsions were not observed. During the period when the patient was suffering two to three daily attacks of angina, pressure on the carotid sinus for two seconds induced an asystole of six and one-half seconds and pressure for five to six seconds produced an asystole of 8' to 10 seconds and in both instances syncope and convulsions were observed ( fig. 1 ). The patient was immediately laid down in each of these latter episodes. Recovery was prompt and sequelae were absent.
In our studies, the changes in pulse rate were calculated from electrocardiographic tracings. Standard electrodes were adjusted and affixed to both arms below the insertion of the deltoid muscle and also to the precordium over the cardiac apex. With the patient standing at rest, prepared to exercise, a 15 second tracing of lead V4R was obtained. The standard exercise test was performed as usual with the electrodes in place and the electrocardiographic machine (but not the camera) running continuously. The camera was started before the predicted cessation of exercise and tracings (at least 15 seconds in duration) were obtained at the onset of cardiac pain and the cessation of exercise and usually one, two, three and five minutes thereafter. The onset and offset of carotid sinus pressure was indicated on the tracing. In previous studies2-9 the beneficial effects of carotid sinus stimulation in the relief of cardiac pain have been ascribed to cardiac slowing; the latter has been estimated by auscultation.
I. Relief of Cardiac Pain by Carotid Sinus
Stimulation Not Associated with Cardiac Slowing. In total duration of cardiac pain was 10 seconds, considerably shorter than the usual duration of control attacks (table 1) .
A somewhat similar sequence was observed in patient S. R. (fig. 6 ); right carotid sinus pressure was begun approximately three seconds after the onset of chest pain and continued for 14 seconds. Eight seconds after stimulation was begun the cardiac rate abruptly fell from 115 to 73; chest pain continued undiminished. It is possible that actual stimulation of the sinus did not begin until seven to eight seconds after the onset of cardiac pain. Seven seconds after carotid sinus pressure was discontinued, chest pain disappeared for a period of 17 seconds (fig. 6 ). The cardiac rate at the onset of relief of pain was 115. It should be emphasized that although anginal pain dis- In the same patient, S. R., on a different occasion, ( fig. 7 ) right carotid sinus pressure was begun two and six-tenths seconds after the patient stopped exercise, and continued for five and six-tenths seconds. The cardiac rate momentarily slowed from 135 to 98, returning within one and five-tenths seconds to 120 at the end of carotid sinus stimulation, rising to 130 a few seconds later. Pain disappeared from the chest, while persisting in the shoulder, at the end of carotid sinus stimulation during a period when the cardiac rate was only slightly below the precarotid sinus pressure level. The 
C. The Effect of Carotid Sinus Stimulation on
the Exercise Tolerance of Patients with Angina Pectoris: With a Comparison of the Effect of Nitroglycerin on the Exercise Tolerance of the Same Patients The available evidence from animal experimentation concerning the influence of the vagus nerve on coronary blood flow is conflicting.'4' l Some observers, however, believe that the vagus nerve is vasodilator to the coronary arteries. It was hoped that some light might be cast on this subject by determining the effect of vagal stimulation on the exercise tolerance of patients with angina pectoris and comparing the results with those obtained after the use of a coronary vasodilator such as nitroglycerin. These studies seemed particularly appropriate since it was possible that the effect of carotid sinus stimulation in relieving the pain of angina pectoris might be due to coronary vasodilation.
The effect of carotid sinus pressure on the exercise tolerance was studied in 10 patients with angina pectoris (table 2). The exercise tolerance tests were performed under the usual standardized conditions except that immediately prior to exercise the right carotid sinus was stimulated for six seconds. The severity of pressure was, of necessity, mild since the stimulation was done with the patient erect. On another day, pressure of approximately the same severity and duration was exerted on the right sternocleidomastoid muscle immediately before exercise. The experiments in which the right carotid sinus was stimulated were performed on at least two occasions in each patient.
Results. After right carotid sinus stimulation five patients were able to perform at least 50 per cent more work before developing pain as compared with control exercise tolerance tests. The response to carotid sinus pressure was independent of the response of the patient to nitroglycerin; a marked increase in exercise tolerance was obtained following carotid sinus stimulation in some patients who did not respond to nitroglycerin, for example, patient H. M. (table 2) , while little effect was observed after stimulation in some patients who showed a marked response to nitroglycerin, for example, patients M. L., and N. S. (table 2 ). In one, H. M., of the two patients in group III who did not respond to nitroglycerin, a 100 Electrocardiographic Studies. We have previously shown (13) that the administration of nitroglycerin to patients with angina pectoris not only results in an increased ability to perform work before the development of pain, but also prevents the S-T segment and T wave changes which are consequent to exertion.
In two patients with angina pectoris (H. B. and P. R.) electrocardiograms were obtained in the manner described above after a fixed exertion insufficient to produce pain, namely 10 to 15 trips. The changes in the RS-T seg- being taken two hours before the performance of the exercise tolerance test, was followed by an increase in exercise tolerance in 2 (H. B. and H. St., table 3) of 11 patients with angina pectoris studied. It may be noted that an increase in exercise tolerance of similar magni-tude was obtained in these two patients following carotid sinus pressure (table 2) . The increase in exercise tolerance, however, did not equal that observed after the administration of nitroglycerin.
The administration of prostigmine bromide, 15 mg. four times daily, to five patients was not associated with an increased exercise tolerance.
The effect on the exercise tolerance of the administration of 0.5 mg. of atropine sulfate four times daily was studied in 26 patients with angina pectoris (table 4 ). An increase in exercise tolerance from 40 to 125 per cent was demonstrated in only three patients.
The antispasmodic drugs, Syntropan and Novatropine, were studied in 8 and 10 patients respectively. The administration of 100 mg. Syntropan and 10 mg. Novatropine (two tablets) four times daily was without effect on the exercise tolerance.
COMM ENT
It is (lear from these studies that stimulation of the carotid sinus may abolish temporarily or (completely the pain of an induced attack of angina pectoris. Various considerations discussed below are in agreement with the following hypothesis which is proposed as the mechanism of the induced relief of cardiac pain by carotid sinus stimulation. Stimulation of the carotid sinus induces the relief of cardiac pain by interruption of reflex arcs; the relief is neurogenic in origin and is not related to a change in the myocardium induced by carotid sinus pressure.
The recurrence of pain folloxving a period of relief as a consequence of carotid sinus pressure in those patients whose attacks ordinarily lasted longer than a minute with a total duration similar to untreated attacks would indicate that no significant change had occurred in the discrepancy between myocardial demand and blood supply as a consequence of carotid sinus stimulation. The fact that stimulation of the carotid sinus caused relief of pain in the right side of the chest (patient N. S.) while pain persisted in the left side and the disappearance of chest pain (S. R.) while pain persisted in the shoulder indicates a neurogenic effect on the afferent impulses mediating pain.
The disappearance of pain occurs within a few seconds; the speed of the relief of pain is in favor of a neurogenic mechanism. The previously mentioned disappearance of pain in certain areas while persisting in others, indicates alteration in sensory pathways. This is similar to the disappearance of pain following thyroidectomy'7 and nerve blocking procedures.18 The relief of cardiac pain by interruption of sympathetic nerves has been well established. Interruption of nerve pathways in the skin,' 20 cervical ganglionectomy,'21and injection of various sympathetic nerves in the cervical and thoracic region are also associated with relief of cardiac pain. 22 The relationship of the carotid sinus to the sympathetic nervous system has been clearly demonstrated by Heymans and associates. 2 Together with stimulation of the vagus nerve, there is a simultaneous inhibition of the sympathetic nervous system. Bronk and his (c0-workers26 showed that during carotid sinus stimulation there was a decreased number and strength of action potentials as recorded from the cervical sympathetic fibeI to the carotid sinus.
Ferris, Capp and Weiss25 postulated that the effect of carotid sinus pressure in inducing syncope was, in some instances, due to stimulation of a cerebral center. In our studies, the patients were able to perceive the pain of a needle while obtaining relief of cardiac pain during carotid sinus stimulation. Instances where a changed sensorium or syncope consequent to carotid sinus stimulation were observed have been excluded. We cannot, however, deny the possibility of an effect oIn some cerebral center.
Our studies yield no evidence that carotid sinus stimulation induces coronary artery vasodilatation. No relationship was observed between the increase in exercise tolerance after stimulation, and that observed after the administration of vasodilators (table 2 ). An increased exercise tolerance was observed after stimulation in patients, in whom nitroglycerin was without effect, and vice versa. Furthermore, pressure upon the carotid sinus before exercise, while associated wvith an increased exercise tolerance, did not prevent the 1tS-T segment changes consequent to exertion. In 66( previous studies"3 we have shown that the increased exercise tolerance following the administration of nitroglycerin is accompanied by a decrease or absence of the RS-T segment changes consequent to exercise.
An additional consideration against the occurrence of vasodilation as a causative factor in the relief of cardiac pain by carotid sinus pressure is the speed of the reaction. Previous studies,2' 16 using various vasodilators have shown that relief of cardiac pain occurs in 20 to 30 seconds. The relief of pain associated with carotid sinus pressure occurred in almost all instances during or shortly after pressure the average duration of which was about six seconds. It would be expected that if vasodilation occurred with pressure on a carotid sinus a period would elapse during which cardiac anoxia was relieved by increased blood flow (similar to that observed after amyl or. octyl nitrite) before relief or cardiac pain occurred; recurrence of pain of unaltered intensity and an unaltered duration of prolonged attacks would not be expected if significant coronary vasodilatati on occurred.
On the basis of auscultatory findings previous authors have pointed out the association of cardiac slowing with the relief of pain by carotid sinus stimulation. It was to be expected, as has been demonstrated by many others, that stimulation would induce cardiac slowing in most subjects with coronary artery disease and angina pectoris. Our studies, however, show no relationship between the changes in cardiac rate following pressure on a carotid sinus and the relief of pain. Thus, marked cardiac slowing was obtained without relief of pain and relief of pain occurred when cardiac slowing was absent or not significant. Furthermore, in the same patient (H. Y.) in several attacks similar degrees of cardiac slowing wvere obtained during carotid sinus stimulation with relief of pain in one attack, and not in others.
THE USEFULNESS OF CAROTID SINUS PRESSURE
AS A DIAGNOSTIc TEST It has been suggested by Sigler and others6' 7 26 , 27 that the demonstrated increased sensitivity of the carotid sinus reflex in patients with coronary artery disease may be used as a diagnostic test. The studies of Mandelstamm and Lipshitz,28 Weiss29 and others indicate that the carotid sinus reflex is more active in the older age groups and particularly in the presence of coronary artery disease. Parry30 was presumably the first to observe this phenomenon. Others, including Hering31 and Prusick,32 also pointed out the increased sensitivity of the carotid sinus reflex inl patients with angina pectoris. Sigler 27 stated "the test may perhaps be considered to be a definite sign of coronary disease under the following (condition; if it occurs as an independent phenomenon unassociated with other reflexes of the carotid sinus group such as a marked fall in blood pressure and cerebral manifestations including dizziness, sensory disturbanices and syncope ... and if it appears after comparatively slight pressure on the carotid sinus region and other vagal disturbances occur." Our own studies show that the effects of a definite degree of carotid sinus stimulation are more marked in patients with angina pectoris of arteriosclerotic etiology, than in patients of a similar age group without this condition. It should, however, be pointed out that some patients with angina pectoris of arteriosclerotic etiology do not have a sensitive carotid sinus.
It has been well established that the effects of carotid sinus stimulation are more marked in the older age groups than in the younger age groups. It is, however, incorrect to assume that coroitary arteriosclerosis need occur with aging, nor is coronary arteriosclerosis synioinymous wnith angina pectoris. Many patients with corotlary arteriosclerosis and old coronary occlusions never suffer from angina pectoris. 33 More recently Levinee34 has suggested that the relief of pain after pressure oni the carotid sinus may be used as a diagnostic test for angina pectoris. At the present time it has not been demonstrated that; the relief of pain following carotid sinus stimulation is specific for cardiac pain; in some patients, carotid sillus pressure has no effect oIn cardiac pain .2' 5 It should be emphasized, moreover, that the dangers of carotid sinus stimulation are real. Prusick and Herles32 concluded that the carotid sinus pressure test may be a dangerous diag-nostic test. They reported four cases where carotid sinus pressure produced asystole, syncope and convulsions and in one instance a fatal result. Similarly, one third of a small group of patients studied by us showed syncope and convulsions following six seconds of carotid sinus stimulation. The degree of sensitivity in one patient was such that two seconds of carotid sinus pressure produced an asystole of over six seconds. Downes35 reported a series of surgical cases in which carotid sinus reflexes were implicated in the death of the patients. Askey36 has reported the appearance of hemiplegia in seven patients after carotid sinus stimulation; other observations are confirmatory. 37 38 Ventricular fibrillations0 and complete heart block4" have also been reported after carotid sinus stimulation.
The considerations pointed out above militate against the usefulness of carotid sinus pressure as a therapeutic agent. Mandelstamm7 describes one patient, a female, aged 50, who obtained relief of angina pectoris by self pressure on the carotid sinus. Patients have, in instances of paroxysmal supraventricular tachycardia, been taught to stimulate their own carotid sinuses to abolish the attack.42 In contrast to the observations in angina pectoris, syncope and convulsions following carotid sinus pressure under these circumstances are rare.
SUMMARY AND CONCLUSIONS 1. The effect of carotid sinus pressure on the duration and character of attacks of angina pectoris induced by exercise under controlled laboratory conditions has been studied in 13 patients. In all 13 patients some relief of cardiac pain was observed consequent to right or left carotid sinus stimulation. In 11 of the 13 patients, the onset of relief of cardiac pain occurred during or shortly after approximately six seconds of carotid sinus stimulation. In patients whose attacks of angina pectoris ordinarily lasted less than one minute, carotid sinus pressure terminated the attack. In four of five patients with attacks of one to four minutes duration, carotid sinus stimulation induced temporary relief of anginal pain persisting for 22 to 64 seconds; in each instance anginal pain returned in complete intensity and the total duration of the attack was not significantly altered in comparison to induced attacks not treated by carotid sinus pressure. In one patient, pain disappeared from the right side of the chest during right carotid sinus pressure while persisting on the left side, while in a second patient, pain disappeared from the chest during carotid sinus pressure, while persisting in the shoulder. These observations are consistent with the hypothesis that stimulation of the carotid sinus induces relief of cardiac pain by interruption of sympathetic reflex arcs or sensory pathways.
2. Various studies yielded no evidence that carotid sinus pressure relieves cardiac pain by inducing coronary artery vasodilation or by altering the discrepancy between myocardial demand and blood supply observed in the attack of angina pectoris. Carotid sinus pressure before exercise resulted in an increase in exercise tolerance in 5 of 10 patients with angina pectoris. No relationship could be established between this increase in exercise tolerance and that observed in the same 10 patients when 0.3 mg. of nitroglycerin was administered before exercise. An increased exercise tolerance was seen after carotid sinus pressure in patients in whom nitroglycerin was without effect and vice versa. Carotid sinus pressure before exercise did not prevent, as does nitroglycerin, the R-ST segment changes consequent to exertion. The speed of relief of cardiac pain by carotid sinus pressure is also against the hypothesis that coronary vasodilation occurs with consequent improvement in the discrepancy between blood supply and myocardial demand. Continuous electrocardiographic studies were carried out before, during and after carotid sinus pressure in 13 patients during attacks of angina pectoris. No consistent relationship existed between the change in cardiac rate following carotid sinus pressure and the relief of cardiac pain. Marked cardiac slowing was obtained without relief of pain and relief of anginal pain occurred when cardiac slowing was absent or not significant. 3. The doubtful usefulness of carotid sinus pressure as a diagnostic test and a therapeutic measure in angina pectoris are discussed. The dangers of carotid sinus pressure have been emphasized.
SUMARIO ESPAROL El efecto de presion sobre el seno carotido en la duracion y el caracter de ataques de angina de pecho inducidos por ejercicio bajo condiciones controladas ha sido estudiado en 13 sujetos. Observaciones son presentadas que son consistentes con la hipotesis de que la estimulacion del seno carotido induce dolor cardfaco mediante la interrupcion de arcos reflejos simpaticos o nervios sensorios. El uso de presion sobre el seno carotido como una prueba diagn6stica y terapeutica en la angina de pecho se discute.
